Rationale: Thyroid-associated orbitopathy (TAO) is most often seen in patients with autoimmune thyroid disease. Data about TAO occurred in patients with thyroid carcinoma are rare. We give a report of 5 patients to present the clinical characteristics, treatment, and prognosis of this type of case.
Introduction
Thyroid-associated orbitopathy (TAO), also called Graves' orbitopathy (GO), is an autoimmune disorder. The cross-reaction of thyroid-stimulating hormone receptor (TSHR) antigen in the thyroid and orbital fibroblasts plays an essential role in the pathogenesis of TAO. [1] Current study holds the view that the development of TAO involves the participation of environmental, genetic, and immune factors; any factor that triggers the immune response against TSHR expressed on orbital fibroblasts may initiate the disease process. [2] Traditionally, TAO is most often seen in patients with Graves' hyperthyroidism, but it can also present in patients with hypothyroidism and Hashimoto thyroiditis. In addition, it may be observed in individuals exhibiting normal thyroid function with negative thyroid autoantibodies. [3, 4] Here, we present a case series of 5 patients with thyroid carcinoma presenting with TAO.
Case presentation

Baseline characteristics
Five patients with thyroid carcinoma and TAO were investigated, and the basic characteristics are presented in Table 1 . Of the 5 patients, males occupied a higher proportion compared to females. Their ages ranged from 31 to 57 years with an average of 44.8 years. One patient (patient 5) had a history of smoking. The mean onset time was 3.4 ± 1.14 months. One patient (patient 4) had a past history of hyperthyroidism, and she was diagnosed with hyperthyroidism 5 years ago and underwent a thyroid operation, but the details about this operation were unknown, 2 months before referring to our unit, she underwent subtotal thyroidectomy because of suspicious sonographic findings of a thyroid nodule and taken Euthyrox at a dose of 75 mg postoperation. Except for patient 4, the other patients did not receive any therapy related to thyroid or TAO before referral to our unit.
Thyroid characteristics
At baseline, the thyroid function differs among these patients (Table 2) . It should be noted that when patient 4 was first referred to our unit, she had hyperthyroidism; after stopping Euthyrox, she continued to have hyperthyroidism, which indicated that her hyperthyroidism was not caused by excessive use of Euthyrox. As a result, patients 4 and 1 should be classified as the same type; they exhibited the typical feature of Graves' hyperthyroidism: high free T3 and free T4 levels, suppressed TSH level, and positive TRAb. On the contrary, patients 3 and 5 were euthyroid and showed slightly elevated TRAb titers. More interestingly, patient 2 was euthyroid and antibody negative. In summary, we can conclude that in patients with thyroid carcinoma, TAO can be developed in the antibody-negative euthyroid state, antibody-positive euthyroid state, and antibody-positive hyperthyroid state.
The detailed characteristics of the thyroid nodules in these patients are presented in Table 3 . All cases had suspicious sonographic features. Four patients underwent fine needle aspiration biopsy (FNAB), and the FNAB results showed malignancy in 3 cases and neoplasm in 1 case. Gene detection was performed in 3 patients; 2 of them had a BRAF gene mutation. Four patients underwent thyroidectomy at last, and postoperative pathology confirmed the diagnosis of thyroid carcinoma.
Ocular manifestations of TAO in thyroid carcinoma patients
The ocular characteristics of these patients are presented in Table 4 . The diagnosis of TAO was based on the clinical manifestations and orbital resonance imaging. Orbital carcinoma (including lymphoma, meningioma, and metastatic carcinoma), benign lesions (including cellulitis, inflammatory pseudotumor, myositis, angioma), and some systemic disease (such as IgG4-related disease, amyloidosis, sarcoidosis, vasculitis) were excluded in the differential process. We classified these patients into 3 groups that were stratified based on their thyroid function and the presence of thyroid-associated antibodies. All patients were assessed as moderate-to-severe TAO according to the consensus statement of the European Group on Graves' Orbitopathy (EUGOGO). [5] 2.4. Follow-up and prognosis Patient 1 with hyperthyroidism received intravenous glucocorticoids (GCs) therapy at a cumulative dose of 2.5 g (0.5 g each time) before and 1 month post total thyroidectomy and then withdrawal himself. Although his ocular symptoms and clinical activity score (CAS) relieved after treatment, his TAO progressed 4 months later; at that point, his TRAb reached to 15.39 IU/L and CAS score was 6. We gave him a cumulative dose of 2 g intravenous GCs (0.5 g for once and then 0.25 g once weekly for 6 weeks) treatment, his ocular symptoms were temporarily relieved after this treatment and then with a sharp deterioration in eyesight of both side from 0.5 to 0.01, thus he underwent orbital decompression surgery and received oral GCs treatment postocular surgery. At the final follow-up, his eyesight had improved significantly from 0.01 to 0.6 (left) and 0.8 (right), no movement restriction or diplopia were seen, and only a minimal eyelid swelling and eyelid redness existed (initially these signs were marked).
Patients 2 and 3 with euthyroidism received total thyroidectomy and did not receive any other therapies aiming at TAO pre and post total thyroidectomy; they showed a significant improvement in overall assessment of TAO at the final follow-up. For case 2, although a slight eyelid swelling (initially this sign was marked) still Table 2 Thyroid function and autoimmunity in each patient at baseline. Yu et al. Medicine (2017) 96:47 Medicine existed, he showed an improvement of eye motility: initially, he showed limitation of all directions; now he exhibited limitation of upward and outward gaze in the left eye (inconstant), and limitation of downward gaze in the right eye (inconstant). For case 3, he showed no sign of soft-tissue involvement and the movement limitation in his right eye disappeared. Patient 4 with hyperthyroidism showed no obvious change in the TAO and remained hyperthyroid 2 months after subtotal thyroidectomy. Then, she was referred to our clinic, because the patient refused to receive intravenous GCs treatment, oral prednisone regimen was given (initial dose of 35 mg per day, 5 mg reduction every two weeks) to treat TAO; meanwhile, methimazole (5 mg per day) was given to control her hyperthyroidism, but no improvement was found at the final follow-up.
Patient 5 with euthyroidism did not undergo thyroidectomy (he refused this due to personal reasons) and received 2 courses' Table 3 Characteristics of the thyroid nodule in each patient. Table 4 Patients' ophthalmic characteristics. intravenous GCs therapy in 2 months (at a dose of 500 mg once every two days, 3 times in one course); his TAO showed no change at the final follow-up. A brief summary of the treatments and outcomes are summarized in Table 5 ; the outcome of TAO was mainly assessed according to the criteria as used by the EUGOGO and was classified as improvement, deterioration, and no change. [6] 3. Discussion
Our report presents 5 patients who developed TAO with thyroid carcinoma. Previously, reports about this kind of case were rare; only Yoon et al had reported 5 cases in euthyroid state with positive TRAb. [7] In our present cases, besides cases similar to this, there also were 2 cases with TRAb-positive hyperthyroidism and 1 case with an antibody-negative euthyroid state, which were reported for the first time.
The differential diagnose is important for patients presenting with orbitopathy. For our patients, orbital carcinoma, orbital benign lesions, and the possibility of systemic disease-related orbitopathy were all considered and then excluded in the diagnostic process. Moreover, although orbital is not the common sites for metastatic thyroid carcinomas, metastases of thyroid carcinomas to the orbital have been reported. [8] Thus, for patients with thyroid carcinoma and TAO, especially those who have lymph node metastasis, this should also be taken into consideration; computed tomography (CT) and magnetic resonance imaging (MRI) scanning can be useful in the diagnostic process, and fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) is powerful to detect unexpected distant metastases from thyroid carcinomas. [9] In our cases, all patients did not show ocular imaging features related to metastases and the 4 patients who had received thyroidectomy did not have lymph node metastasis according to the physiological analysis, so this possibility can also be excluded.
Patients 1 and 4 initially had apparent eye symptoms and the thyroid laboratory examination revealed a Graves' pattern. As a result, their preliminary diagnosis was considered as Graves' disease combined with TAO. Subsequent examination indicated the possibility of thyroid cancer and postoperative pathological examination confirmed it. Graves' disease can coexist with thyroid carcinoma; moreover, in the population-based cohort study, patients with GD have a higher incidence of thyroid cancer than controls. [10, 11] Therefore, it is entirely possible that thyroid cancer patients exhibit TAO from Graves' disease.
Patients 2, 3, and 5 had euthyroid TAO, which refers to patients who do not have a current or past history of hyperthyroidism. [12] Previous study revealed that compared with hyperthyroid TAO patients, euthyroid TAO tends to have less active, severe clinical manifestations and lower TRAb levels. [13, 14] In patients with thyroid carcinoma and TAO, some of the above conclusions still hold true; for example, euthyroid group only had a slightly elevated titter of TRAb or within normal range. Despite this, we found that hyperthyroid patients had a marked decrease in eyesight, while the other patients did not exhibit blurred vision.
Except for normal thyroid function, patient 2 also had a very special feature: his TRAb was negative. In ordinary TAO patients, this type also exists. It is widely accepted that TRAb combines with fibrocytes TSHR and then initiates destructive biological effects, including secretion of inflammatory cytokines and chemokines, enhanced hyaluronic acid production, and adipogenesis, which contributes to the formation of TAO. [2] However, current study indicated that in addition to the participation of TSHR in the pathogenesis of TAO, factors such as insulin-like growth factor 1 (IGF-1) that act through IGF-R can also generate a similar biological effect [15] ; we cannot exclude the possibility that the increase of certain bioactive molecules locally or systemically may trigger the TAO pathogenesis process.
From the retrospective analysis of the treatments and prognoses of these patients, we found the following: total thyroidectomy alone may improve TAO manifestations in some patients, and patients 2 and 3 showed an improvement post thyroidectomy. Intravenous GCs treatment remains effective against TAO in thyroid carcinoma patients. For patients in whom thyroidectomy alone did not give an improvement to TAO, intravenous GCs therapy can be helpful. In very severe cases, additional treatment, such as orbital decompression surgery, tended to be an effective method for treating TAO. Subtotal thyroidectomy may not be an ideal method to treat hyperthyroidism in patients who developed thyroid carcinoma with Graves' disease. Patient 4 remained hyperthyroid following subtotal thyroidectomy, which can affect the thyroid immunity and is not favorable for the alleviation of TAO. [16] GCs are an effective means for treating TAO because of their anti-inflammatory and immunosuppressive actions, and they remain effective in patients with thyroid carcinoma, but we need to pay attention to some points in managing this patient type. First, patient 4 used oral GCs and showed no response to this treatment, indicating the importance of intravenous GCs as the first-line treatment. Studies have indicated that intravenous GCs are significantly better than the oral route in reducing CAS and this route has a lower rate of adverse events with a significantly higher response rate. [17, 18] Second, the dose and course of intravenous GCs is closely associated with the outcome of TAO; Bartalena et al [19] conducted a randomized clinical trial in patients with moderate to severe and active GO; they divided patients into 3 groups and gave cumulative dose of 2.25, 4.98, or At last follow-up, all patients were in euthyroid state. The follow-up period was defined as the period from the date of discharge of their first visit to the final follow-up. CAS = clinical activity score, i.v. GCs = intravenous glucocorticoids, sub-TT = subtotal thyroidectomy, TT = total thyroidectomy. * Case 5 did not receive thyroidectomy and only underwent intravenous GCs treatment.
Yu et al. Medicine (2017) 96:47 Medicine 7.47 g GCs in 12 weekly infusions. They found that the 2.25 g group led to the lowest improvement in the overall assessment of TAO at 12 and 24 weeks. In addition, among patients whose GO had improved at 12 weeks, the relapse rate was highest (40 vs 21 and 33% using 4.98 and 7.47 g, respectively) in the 2.25 g group at 24 weeks. [19] Patient 1 initially only received 2.5 g of GCs and then stopped treatment for personal reasons; thus, his progression of TAO in later times was largely due to the insufficient dose. As the 7.47 g dose of GCs was associated with a higher incidence of adverse events, at least 4.5 to 5 g should be used in patients with moderate to severe and active GO. [5, 19] Third, additional treatment should be considered in some complicated situations. In patient 1, when his TAO had worsened and presented as sight-threatening, orbital decompression surgery was performed, and he achieved final remission of TAO with this surgery. This indicated that orbital decompression was also an effective and safe treatment in patients with thyroid carcinoma; through decompression, the hyperintraorbital pressure can be reduced and venous outflow can be increased, alleviating exophthalmos, eye lid retraction, soft tissue congestion as well as improving eyesight. [20, 21] 
Conclusion
We showed the clinical characteristics, treatment, and prognosis of TAO in thyroid carcinoma patients with different thyroid functions and immune states. This suggests that the possibility of thyroid carcinoma should be considered when TAO symptoms present in patients with thyroid nodules. For some patients, they get an improvement of TAO post total thyroidectomy; however, for other patients, besides thyroidectomy, adequate intravenous GC treatment and even ocular decompression surgery are also needed. As patients with thyroid carcinoma and TAO are very rare, we just give a preliminary study about this through case report, and a multicenter observational study is needed to confirm our results and give further study of this topic.
